US009449998B2

a2 United States Patent (10) Patent No.:  US 9,449,998 B2

Huang et al. 45) Date of Patent: Sep. 20, 2016
(54) MANUFACTURING METHOD OF PIXEL (52) US. CL
STRUCTURE WITH DATA LINE, SCAN LINE CPC ... HOIL 27/127 (2013.01); GO2F 1/13458
AND GATE ELECTRODE FORMED ON THE (2013.01); GO2F 1/133345 (2013 .01); GO2F
SAME LAYER 17136227 (2013.01); HOIL 27/124 (2013.01);
HOIL 2771255 (2013.01); HOIL 27/1288
(71) Applicant: Au Optronics Corporation, Hsinchu (2013.01); GO2F 1/136286 (2013.01); GO2F
(TW) 2001/13606 (2013.01); GO2F 2001/13629
(2013.01); GO2F 2001/134318 (2013.01);
(72) Inventors: Te-Chun Huang, New Taipei (TW); GO2F 2001/136218 (2013.01); GO2F
Hsiang-Lin Lin, Changhua County 2001/136295 (2013.01)
(T'W); Kuo-Yu Huang, Hsinchu County  (58) Field of Classification Search
(TW) CPC oo, GO2F 1/133345; GO2F 1/136286;
. . . . GO2F 2001/13629; GO2F 2001/136295
(73)  Assignee: ?fl{v())ptronlcs Corporation, Hsinchu See application file for complete search history.
. . o . (56) References Cited
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 U.S. PATENT DOCUMENTS
U.S.C. 154(b) by 0 days.
7,638,371 B2* 12/2009 Chen .......cccccooue.e. HOLL 27/124
(1) Appl. No.: 141977562 2010/0301345 AL* 122010 Lin .ooooore. HOIL 27/124
(22) Filed:  Dec. 21, 2015 2571
Primary Examiner — Paisley L Arendt
(65) Prior Publication Data (74) Attorney, Agent, or Firm — Jianq Chyun IP Office
US 2016/0111446 Al Apr. 21, 2016 (57) ABSTRACT
Related U.S. Application Data A pixel structure and a manufacturing method thereof are
(60) Division of application No. 13/541,757, filed on Jul. provided. The pixel structure includes a substrate, a scan
4. 2012. now Pat. No. 9.239.502. which is a line, a data line, a first insulating layer, an active device, a
céntinua;ion-in-part of appliéatio’n N;. 13/466,195, second insulating layer, a common electrode and a first pixel
filed on May 8, 2012, now Pat. No. 8,339,559. electrode. The data line crossed to the scan line is disposed
on the substrate and includes a linear transmitting part and
(30) Foreign Application Priority Data a cross-line transmitting part. The first insulating layer
covering the scan line and the linear transmitting part is
Dec. 23,2011  (TW) oo 100148582 A disposed between the scan line and the cross-line transmit-
ting part. The active device, including a gate, an oxide
(51) Imt. ClL channel, a source and a drain, is connected to the scan line
GO2F 1/1343 (2006.01) and the data line. The second insulating layer is disposed on
HOIL 27/12 (2006.01) the oxide channel and the linear transmitting part. The
GO2F 1/1333 (2006.01) common electrode is disposed above the linear transmitting
GO2F 1/1345 (2006.01) part. The first pixel electrode is connected to the drain.
GO2F 1/1362 (2006.01)
GO2F 1/136 (2006.01) 9 Claims, 16 Drawing Sheets

AN

140
——
wom
1 I'n r
%HQ}H
120 H
100 A : /.
131 13 12(1120) 112(1120)



U.S. Patent Sep. 20, 2016 Sheet 1 of 16 US 9,449,998 B2

N N

¥ Fald

i

170 ~§

100

o

—H2
} v g 22 \M}H
100 — e /} /

|
135 131 133137 P 112(1120) 12(1120)
130 100




U.S. Patent Sep. 20, 2016 Sheet 2 of 16 US 9,449,998 B2

112
(1120)”/
S :
|
I—4T |
|
131 > —Jl
I 7— -----
1~
FIG. 2A
I I'ID I
y 477, 2N LN « [N
L — i
131 112(112q) 112(112q)



U.S. Patent Sep. 20, 2016 Sheet 3 of 16 US 9,449,998 B2

112
(1120)”/
M .
|
I— -1 |
131 |
-
11—
FIG. 3A
I I'I T
120 - ——zzzzon ST STTTTTTTN
i i
13 112(112q) 12(112q)



U.S. Patent Sep. 20, 2016 Sheet 4 of 16 US 9,449,998 B2

.
00+ L\ )
131 133 112(1120) 112(1120)

FIG. 4B



U.S. Patent Sep. 20, 2016 Sheet 5 of 16 US 9,449,998 B2

142
112
(1120)"%
| 177 7
{142~/~~ {
140 I— I .
141 AP
_ ]
133 L=
11— /
142
FIG. S5A
140
e A,
141 142
I ; : I'(I[ I
120 —E LTTT77770, ! Y //A\““
(S S I —
131 133 112(1120) 112(1120)



U.S. Patent Sep. 20, 2016 Sheet 6 of 16 US 9,449,998 B2

%
2 2
12
(1120) y
r-— q
42— |
140{ 1 -1 131 | c
141 /i |
Z2 |
1l |
33—
- /
FIG. 6A
142
é : I'l I
Ha
120 = ZZN (:/f::\ %:m}“
00—t I
131 133 12(112) 112(1120)

FIG. 6B



U.S. Patent Sep. 20, 2016 Sheet 7 of 16 US 9,449,998 B2

%7 2
94 144

i
: ; m  pg M
‘ . H2
Z— e gﬁﬁ& by

2 ~—=—Hl




U.S. Patent Sep. 20, 2016 Sheet 8 of 16 US 9,449,998 B2

N N
7 %
12 TN\ N
(1120)\1:§ !
150
151 152
\
A

Lo

P N
FIG. 8A
140
e A
141 142
I 150 160 'l 112b T
o U e %\_@\%—w}
120"~ s T N [T, LN —-H1H
100J/— ( (f \] > \\ \l 11 >
135 131 133137 P 112(112) 112(1120)
130

FIG. 8B



U.S. Patent Sep. 20, 2016 Sheet 9 of 16 US 9,449,998 B2

112
(120) R

100

240
r__—‘/\————\
242 240 242

I \YA
: —H2
120\—' (AAAIY, 7 A\ _H1}H
TR S S -
135 131 133 137 112(1120) 112(112q)
130



U.S. Patent Sep. 20, 2016 Sheet 10 of 16 US 9,449,998 B2

H4
FIG. 10A

242 24 242

I vV V'
KA« = S{r\ Rt

120k
100—& \

H3 131 133 He 119(1120) 12(112q)

FIG. 10B

=]

D S

~J ]




U.S. Patent Sep. 20, 2016 Sheet 11 of 16 US 9,449,998 B2

N N

NN
| NN
ISNY

12_ %

(1120) &

150
e Ae—
\/151 15<
N

m — —
yLy S——
241
F\ 7
125 NI
m\; /
_§ &_
FIG. 11A
242 241 242
,\-é? N\ H2
120» l //§/A\f A ‘ﬁj“,ﬁ&:mh
o s S
135 131 133 137 112(112q) 112(1120)
130

FIG. 11B



U.S. Patent Sep. 20, 2016 Sheet 12 of 16 US 9,449,998 B2

N N
% %
12
(1120)\§ X
\ 150
151 152
\
_

242 |
240{ v Z M 13 : %
M —_ e |
133~ RSy
]]I _
112 AR
.
\ : \
FIG. 12A
240
e u—
242 241 242
I ]I[’IV 112b N’
' H2
120 =41 / W77 2N im}H
-t L1 J
135 131 133 137 12(1120) 12(1120)

\ 2

130
FIG. 12B



U.S. Patent Sep. 20, 2016 Sheet 13 of 16 US 9,449,998 B2

—
_V’
10c
FIG. 13A
140
141 142

370 380

Vv
o =N
100 ( g \ > \
135 131 133 137 112(1120) 112(1120)
130

FIG. 13B



U.S. Patent Sep. 20, 2016 Sheet 14 of 16 US 9,449,998 B2

NI N
% %
__V’
ul
FIG. 14A
140
e
141 142
V /370 158 V’(VIHZb Vi
B 0
190 =T T f&//’ N LN *H1}H
3 s
135 131 133 137 112(1120) 112(1120)

[%

130
FIG. 14B



U.S. Patent Sep. 20, 2016 Sheet 15 of 16 US 9,449,998 B2

%7 o7
£ ald

112
(1120)

/

370

190 160 /" g 112b VI

e Nl

11 7

—
7 12(12) q 112(112q)

0 | l
135 131 133 1

[&X]

130
FIG. 15B



U.S. Patent Sep. 20, 2016 Sheet 16 of 16 US 9,449,998 B2

10d
FIG. 16A
140
W oW

VI 370 380 \. 150 160
120 —EZ
-t !
135 131 133 137 112(1120)
130

FIG. 16B



US 9,449,998 B2

1
MANUFACTURING METHOD OF PIXEL
STRUCTURE WITH DATA LINE, SCAN LINE
AND GATE ELECTRODE FORMED ON THE
SAME LAYER

CROSS-REFERENCE TO RELATED
APPLICATION

This is a divisional application of and claims the priority
benefit of U.S. application Ser. No 13/541,757, filed on Jul.
4,2012, now allowed. The prior application Ser. No. 13/541,
757 is a continuation-in-part of and claims the priority
benefit of U.S. application Ser. No. 13/466,195, filed on May
8, 2012, and claims the priority benefit of Taiwan application
serial no. 100148582, filed on Dec. 23, 2011. The entirety of
each of the above-mentioned patent applications is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a structure of a
device and a manufacturing method thereof, and in particu-
lar, to a pixel structure and a manufacturing method thereof.

2. Description of Related Art

A flat panel display mainly includes the following: an
organic electroluminescence display, a plasma display panel
and a thin film transistor liquid crystal display, where the
thin film transistor liquid crystal display is the most widely
used. Generally speaking, the thin film transistor liquid
crystal display is mainly formed of a thin film transistor
array substrate, a color filter substrate and a liquid crystal
layer, where the thin film transistor array substrate includes
multiple scan lines, multiple common electrode lines, mul-
tiple data lines, multiple active devices arranged in arrays
and multiple pixel electrodes connected to the active
devices, and each active device having a gate electrode, a
source electrode and a drain electrode is electrically con-
nected to the corresponding scan line and data line respec-
tively.

The manufacturing procedure of the thin film transistor
array substrate usually includes multiple times of photo-
lithography and etching steps. In common manufacturing
techniques, the gate electrode, the scan line and the common
electrode line are constituted by use of the first conductive
layer, the source electrode, the drain electrode and the data
line are constituted by use of the second conductive layer,
where at least one dielectric layer is disposed between the
first conductive layer and the second conductive layer, and
the second conductive layer is closer to the pixel electrode
than the first conductive layer. Due to the coupling effect
between the pixel electrode and the data line, such design
usually affects the display voltage of the pixel electrode.
Therefore, a technique that the data line is manufactured by
using the first conductive layer is provided, and in such
technique, the common electrode line is manufactured by
only using the second conductive layer, so that the disposi-
tion areas of the common electrode line and the data line
overlap to reduce the occupied area of the metal conductive
components. However, the common electrode line at least
partly overlaps with the data line, so that a so-called parasitic
capacitance usually exists between the common electrode
line and the data line. The existence of the parasitic capaci-
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tance will increase the load of the data line, which is
unfavourable to the driving of the thin film transistor array.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a pixel
structure, which may reduce the parasitic capacitance of the
pixel structure and further reduce the electricity consump-
tion of the pixel structure.

The present invention is also directed to a method of
manufacturing a pixel structure, which may simplify manu-
facturing process steps for reducing the number of photo
masks to decrease the required cost.

The present invention provides a pixel structure, which
includes a substrate, a scan line, a data line, a first insulating
layer, an active device, a second insulating layer, a common
electrode and a first pixel electrode. The scan line is disposed
on the substrate. The data line is disposed on the substrate,
the data line is crossed to the scan line, and the data line
includes a linear transmitting part and a cross-line transmit-
ting part connected to each other, in which the cross-line
transmitting part crosses over the scan line. The first insu-
lating layer covers the scan line and the linear transmitting
part and is located between the scan line and the cross-line
transmitting part. The active device is connected to the scan
line and the data line, in which the active device includes a
gate electrode, an oxide channel, a source electrode and a
drain electrode. The gate electrode is connected to the scan
line. The oxide channel is located above the gate electrode,
and the first insulating layer is located between the gate
electrode and the oxide channel. The source electrode is
connected to the cross-line transmitting part of the data line.
The source electrode and the drain electrode are located at
two sides of the oxide channel. The second insulating layer
includes an etching blocking pattern located on the oxide
channel and an isolation pattern located on the linear trans-
mitting part, and the isolation pattern contacts the first
insulating layer. The common electrode is disposed on the
isolation pattern and located above the linear transmitting
part. The first pixel electrode is connected to the drain
electrode.

The present invention provides a method of manufactur-
ing a pixel structure, which includes the following steps. A
patterned first conductive layer is formed on a substrate to
define a scan line, a gate electrode and a linear transmitting
part, the gate electrode is connected to the scan line, and the
linear transmitting part and the scan line are separated from
each other, in which the extending direction of the scan line
is crossed to the extending direction of the linear transmit-
ting part. A first insulating layer is formed on the substrate
to cover the scan line, the gate electrode and the linear
transmitting part. An oxide channel located is formed on the
first insulating layer to be above the gate electrode. A second
insulating layer is formed on the first insulating layer and the
oxide channel, in which the second insulating layer includes
an etching blocking pattern located on the oxide channel and
an isolation pattern located on the linear transmitting part,
and the isolation pattern contacts the first insulating layer. A
patterned second conductive layer is formed on the second
insulating layer to form a source electrode, a drain electrode,
a cross-line transmitting part and a common electrode, the
source electrode and the drain electrode are located at two
sides of the oxide channel, the cross-line transmitting part
crosses over the scan line, and the common electrode is
disposed on the isolation pattern and is located above the
linear transmitting part. A first pixel electrode is formed on
the substrate to be connected to the drain electrode.
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Based on the above, in the pixel structure and the manu-
facturing method thereof according to the present invention,
the linear transmitting part of the data line, the scan line and
the gate electrode are formed on the same layer by patterning
the first conductive layer, and the second insulating layer,
located on the channel of the active device and used as the
etching blocking layer, is further disposed on the linear
transmitting part of the data line. In this case, when the
common electrode manufactured via the second conductive
layer overlaps with the linear transmitting part of the data
line, multiple insulating layers are disposed between the
linear transmitting part of the data line and the common
electrode. In this way, the etching blocking pattern defined
by the second insulating layer is used for protecting the
channel, and the capacitive coupling effect between the data
line and the common electrode is reduced by further dis-
posing the second insulating layer between the linear trans-
mitting part of the data line and the common electrode, so
that the power consumption of the pixel structure is reduced.

In order to make the aforementioned features and advan-
tages of the present invention more comprehensible,
embodiments are illustrated in detail hereinafter with refer-
ence to accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the inven-
tion.

FIG. 1A is a schematic top view of a pixel structure of a
first embodiment of the present invention.

FIG. 1B is a cross-sectional view of the pixel structure in
FIG. 1A along section lines I-I' and II-II'.

FIG. 2A is a schematic top view of a pixel structure of a
first embodiment of the present invention.

FIG. 2B is a cross-sectional view of the pixel structure in
FIG. 2A along section lines I-I' and II-II'.

FIG. 3A is a schematic top view of a pixel structure of a
first embodiment of the present invention.

FIG. 3B is a cross-sectional view of the pixel structure in
FIG. 3A along section lines I-I' and II-II'.

FIG. 4A is a schematic top view of a pixel structure of a
first embodiment of the present invention.

FIG. 4B is a cross-sectional view of the pixel structure in
FIG. 4A along section lines I-I' and II-II'.

FIG. 5A is a schematic top view of a pixel structure of a
first embodiment of the present invention.

FIG. 5B is a cross-sectional view of the pixel structure in
FIG. 5A along section lines I-I' and II-II'.

FIG. 6A is a schematic top view of a pixel structure of a
first embodiment of the present invention.

FIG. 6B is a cross-sectional view of the pixel structure in
FIG. 6A along section lines I-I' and II-II'.

FIG. 7A is a schematic top view of a pixel structure of a
first embodiment of the present invention.

FIG. 7B is a cross-sectional view of the pixel structure in
FIG. 7A along section lines I-I' and II-II'.

FIG. 8A is a schematic top view of a pixel structure of a
first embodiment of the present invention.

FIG. 8B is a cross-sectional view of the pixel structure in
FIG. 8A along section lines I-I' and II-II'.

FIG. 9A is a schematic top view of a pixel structure of a
second embodiment of the present invention.
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FIG. 9B is a cross-sectional view of the pixel structure in
FIG. 9A along section lines III-III' and IV-IV".

FIG. 10A is a schematic top view of a pixel structure of
a second embodiment of the present invention.

FIG. 10B is a cross-sectional view of the pixel structure
in FIG. 10A along section lines III-III' and IV-IV".

FIG. 11A is a schematic top view of a pixel structure of
a second embodiment of the present invention.

FIG. 11B is a cross-sectional view of the pixel structure
in FIG. 11A along section lines III-III' and IV-IV'.

FIG. 12A is a schematic top view of a pixel structure of
a second embodiment of the present invention.

FIG. 12B is a cross-sectional view of the pixel structure
in FIG. 12A along section lines III-III' and IV-IV".

FIG. 13A is a schematic top view of a pixel structure of
a third embodiment of the present invention.

FIG. 13B is a cross-sectional view of the pixel structure
in FIG. 13A along section lines V-V' and VI-VI".

FIG. 14A is a schematic top view of a pixel structure of
a third embodiment of the present invention.

FIG. 14B is a cross-sectional view of the pixel structure
in FIG. 14A along section lines V-V' and VI-VI".

FIG. 15A is a schematic top view of a pixel structure of
a third embodiment of the present invention.

FIG. 15B is a cross-sectional view of the pixel structure
in FIG. 15A along section lines V-V' and VI-VI".

FIG. 16A is a schematic top view of a pixel structure of
a fourth embodiment of the present invention.

FIG. 16B is a cross-sectional view of the pixel structure
in FIG. 16A along section lines VII-VII' and VIII-VIII'.

DESCRIPTION OF THE EMBODIMENTS

Reference will now be made in detail to the present
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible,
the same reference numbers are used in the drawings and the
description to refer to the same or like parts.

First Embodiment

FIG. 1A is a schematic top view of a pixel structure of the
first embodiment of the present invention, while FIG. 1B is
a cross-sectional view of the pixel structure in FIG. 1A along
section lines I-I' and II-II". Referring to FIG. 1A and FIG. 1B,
the pixel structure 10a of this embodiment includes a
substrate 100, a scan line 111, a data line 112, a first
insulating layer 120, an active device 130, a second insu-
lating layer 140, a common electrode 150 and a first pixel
electrode 170. The active device includes a gate electrode
131, an oxide semiconductor layer (or named an oxide
channel) 133, a source electrode 135 and a drain electrode
137.

Specifically speaking, the scan line 111 is disposed on the
substrate 100. The data line 112 is disposed on the substrate
100, the scan line 111 is crossed to the data line 112, and the
data line 112 includes a linear transmitting part 112 and a
cross-line transmitting part 11256 connected to each other,
where the cross-line transmitting part 1125 crosses over the
scan line 111. The first insulating layer 120 covers the scan
line 111 and the linear transmitting part 112a of the data line
112, and is located between the scan line 111 and the
cross-line transmitting part 1126. The active device 130 is
connected to the scan line 111 and the data line 112. The gate
electrode 131 is connected to the scan line 111. The oxide
channel 133 is located above the gate electrode 131, and the
first insulating layer 120 is located between the gate elec-
trode 131 and the oxide channel 133. The source electrode
135 is connected to the cross-line transmitting part 1126 of
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the data line 112. The source electrode 135 and the drain
electrode 137 are located at two sides of the oxide channel
133. The second insulating layer 140 includes an etching
blocking pattern 141 located on the oxide channel 133 and
an isolation pattern 142 located above the linear transmitting
part 112a, and the isolation pattern 142 contacts the first
insulating layer 120. The common electrode 150 is disposed
on the isolation pattern 142 and located above the linear
transmitting part 112a. The first pixel electrode 170 is
connected to the drain electrode 137.

The steps of the method of manufacturing the pixel
structure 10q are as follows. FIGS. 2A-9A are schematic top
views explaining the method of manufacturing the pixel
structure 10a, while FIGS. 2B-9B are cross-sectional views
of FIGS. 2A-9A along section lines I-I' and II-II'. First, the
first conductive layer (not shown) is formed on the substrate
100, and the first conductive layer is patterned via the photo
mask process (which includes steps of photo-lithography
and etching, but is not limited to this, and which may also
include a laser ablation process) to form the scan line 111,
the gate electrode 131 and the linear transmitting part 112a
of the data line 112 as shown in FIG. 2A and FIG. 2B.
However, the scan line 111, the gate electrode 131 and the
linear transmitting part 112a of the data line 112 may be
manufactured on the substrate 100 via the way of printing
process or the way of inkjet printing process selectively.

In an embodiment, the material of the substrate 100 may
be glass, quartz, an organic polymer or flexible material to
support the pixel structure 10a and provide good light
transmittance. However, the material of the substrate 100
may be an opaque material selectively. The gate electrode
131 is connected to the scan line 111, and the linear
transmitting part 112a and the scan line 111 are separated
from each other, where the extending direction of the scan
line 111 is crossed to the extending direction of the linear
transmitting part 1124. The material of the first conductive
layer (not shown) in this embodiment may include metal
materials like molybdenum (Mo), aluminum (Al), titanium
(Ti), silver, gold and copper, alloy or other conductive
materials; besides, the first conductive layer is not limited to
a single layer, and may be constituted by two layers or
multiple layers of different metals, alloys or other conduc-
tive materials.

Referring to FIG. 3A and FIG. 3B, the first insulating
layer 120 is formed on the substrate 100, and the first
insulating layer 120 covers the scan line 111, the gate
electrode 131 and the linear transmitting part 112q. The first
insulating layer 120 is formed by, for example, physical
vapor deposition (PVD), chemical vapor deposition (CVD)
or other proper thin-film deposition techniques, while the
first insulating layer 120 may be a single-layer or a multiple-
layer structure, and the material thereof is, for example,
dielectric materials like silicon oxide, silicon nitride or
silicon oxynitride, or the first insulating layer 120 is consti-
tuted by a mixture of multiple layers of different dielectric
materials. Definitely, in other embodiments, the material of
the first insulating layer 120 also includes an organic mate-
rial manufactured by using the ways of photo-lithography
development, printing process or inkjet printing process, and
the multiple-layer stacked structure of inorganic materials
and organic materials may also be used.

Referring to FIG. 4A and FIG. 4B, the oxide channel 133
located above the gate electrode 131 is formed on the first
insulating layer 120. More specifically, a single-layer or
multiple-layer structure of the oxide semiconductor material
layer (not shown) is formed on the first insulating layer 120
first, and the material of the structure is, for example, IGZO,
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170, 1GO, Zn0O, 2Cd0.GeO, or NiCo,0,. Then, the oxide
semiconductor material layer is patterned into the oxide
channel 133 via the photo-lithography and etching processes
or other patterning processes. Definitely, in other embodi-
ments, the material of the oxide channel 133 also includes an
organic material manufactured by ways of photo-lithogra-
phy development, printing or inkjet, and the multiple-layer
stacked structure of inorganic materials and organic mate-
rials may also be used.

Referring to FIG. 5A and FIG. 5B, the second insulating
layer 140 is formed on the first insulating layer 120 and the
oxide channel 133. The second insulating layer 140 includes
the etching blocking pattern 141 and the isolation pattern
142, where the etching blocking pattern 141 is located on the
oxide channel 133 and used to protect the oxide channel 133
and provide the etching stop effect. The profile of the etching
blocking pattern 141 is, for example, a rectangle, but the
present invention is not limited to this, it may be a polygon
or a curved shape. The isolation pattern 142 is located above
the linear transmitting part 112a and above a portion of the
scan line 111, and the isolation pattern 142 contacts the first
insulating layer 120. In addition, the second insulating layer
140 of this embodiment may be a single-layer or multiple-
layer structure, and the material thereof is, for example,
dielectric materials like silicon dioxide, silicon nitride or
silicon oxynitride, and the second insulating layer 140 may
be formed of a mixture of multiple layers of different
dielectric materials. In other embodiments, the manufactur-
ing method and the contained materials of the first insulating
layer 120 can be used for fabricating the second insulating
layer 140.

Referring to FIG. 6A and FIG. 6B, a first opening H1 and
a second opening H2 are formed on the first insulating layer
120 and the second insulating layer 140 respectively via the
photo-lithography and etching processes to constitute a
contact opening H respectively exposing two opposite ends
of' the linear transmitting part 112a, the contact opening H is
used to electrically connect the cross-line transmitting part
1125 formed afterwards to the linear transmitting part 112a4.
In this embodiment, the first opening H1 and the second
opening H2 connected to each other may be manufactured
by the same photo-lithography process or different photo-
lithography processes.

Next, the second conductive layer (not shown) is fomied
on the first insulating layer 120 and the second insulating
layer 140, and the second conductive layer is patterned via
the photo-lithography and etching processes to form the
source electrode 135, the drain electrode 137, the cross-line
transmitting part 1125 and the common electrode 150 on the
first insulating layer 120 and the second insulating layer 140,
as shown in FIG. 7A and FIG. 7B, wherein the aforemen-
tioned components are separated from each other. The
material of the second conductive layer is, for example, a
metal material like aluminum (Al), molybdenum (Mo),
titanium (1), or neodymium (Nd), alloy or other conductive
materials, and the second conductive layer is not limited to
a single layer, and may be constituted by multiple layers or
multiple kinds of conductive materials. However, the source
electrode 135, the drain electrode 137, the cross-line trans-
mitting part 1126 and the common electrode 150 may be
manufactured on the first insulating layer 120 and the second
insulating layer 140 by ways of printing process or inkjet
printing process selectively.

In this embodiment, the source electrode 135 and the
drain electrode 137 are located at two sides of the oxide
channel 133 to form the active device 130 together with the
gate electrode 131, i.e., the active device 130 has the
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structure formed of the gate electrode 131, the oxide channel
133, the source electrode 135 and the drain electrode 137. It
should be noted that the oxide channel 133 is covered by the
etching blocking pattern 141, so that the etchant/solvent
used for patterning the second conductive layer will not
contact the part, located between the source electrode 135
and the drain electrode 137, of the oxide channel 133, so as
to prevent the oxide channel 133 from being damaged. In
this way, the oxide channel 133 can provide good charac-
teristics.

In addition, the cross-line transmitting part 1126 crosses
over the scan line 111, and is connected to the linear
transmitting part 112a of the data line 112 via the contact
opening H so that signals can be transferred through the data
line 112. That is to say, the data line 112 is a continuous
transferring path constituted by different conductive layers,
and the transferring path is crossed to the scan line 111 and
will not be connected to the scan line 111. The common
electrode 150 is disposed on the isolation pattern 142 and
located above the linear transmitting part 112a. Besides, the
common electrode 150 includes a first part 151 and a second
part 152 connected to each other, and the first part 151
substantially overlaps the linear transmitting part 112aq,
while the extending direction of the second part 152 is
crossed to the extending direction of the first part 151.
Preferably, the width of the first part 151 is substantially
larger than the line width of the linear transmitting part 112a
to completely overlap the linear transmitting part 112a in the
width direction. The first part 151 contacts the isolation
pattern 142 of the second insulating layer 140, but the
present invention is not limited to this.

That is to say, at least the first insulating layer 120 and the
isolation pattern 142 of the second insulating layer 140 are
disposed between the first part 151 of the common electrode
150 and the linear transmitting part 112a of the data line 112.
In this way, the capacitive coupling effect between the first
part 151 of the common eclectrode 150 and the linear
transmitting part 112q of the data line 112 is reduced because
of existence of at least two layers of insulating layers. That
is to say, the parasitic capacitance between the first part 151
of'the common electrode 150 and the linear transmitting part
1124 of the data line 112 is obviously reduced, which is
favourable to reduce the load of the common electrode 150
and the data line 112.

Referring to FIG. 8A and FIG. 8B, the substrate 100 is
covered by a third insulating layer 160, i.e., the third
insulating layer 160 covers the active device 130 and the
common electrode 150, and a third opening p is formed in
the third insulating layer 160. The third insulating layer 160
may be a single-layer or multiple-layer structure, and the
material thereof is, for example, silicon nitride or silicon
oxide, while the forming method thereof is, for example,
complete deposition on the substrate 100 via PVD or CVD,
and then the third opening p is formed in the third insulating
layer 160 via, for example, patterning ways such as the
photo-lithography and etching processes. In other embodi-
ments, the manufacturing method and contained materials of
the first insulating layer 120 may be used for forming the
third insulating layer 160.

Referring to FIG. 1A and FIG. 1B again, the first pixel
electrode 170 is formed on the substrate 100, and the first
pixel electrode 170 is connected to the drain electrode 137.
More specifically, the first pixel electrode 170 is substan-
tially located on the third insulating layer 160, where the first
pixel electrode 170 is electrically connected to the drain
electrode 137 via the third opening p of the third insulating
layer 160. Besides, the second part 152 of the common
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electrode 150 substantially overlaps the first pixel electrode
170, and the first part 151 of the common electrode 150
substantially surrounds an edge of the first pixel electrode
170, so that the common electrode 150 and the first pixel
electrode 170 partly overlap to form a storage capacitor.

In the pixel structure 10a of this embodiment, since the
part of the data line 112, i.e., the linear transmitting part 112«
of the data line 112, and the gate electrode 131 are formed
by the same layer, while the linear transmitting part 112a of
the data line 112 and the common electrode 150 are spaced
by one or more layers of insulating layers, i.e., spaced by the
first insulating layer 120 and the isolation pattern 142 of the
second insulating layer 140, the etching blocking pattern
141 can be manufactured on the oxide channel 133, and the
same material layer can be disposed between the data line
112 and the common electrode 150 for reducing the coupled
capacitance. In addition, in this embodiment, the first part
151 of the common electrode 150 is disposed between the
pixel electrode 170 and the linear transmitting part 112a of
the data line 112 so that the coupling effect does not occurred
between the pixel electrode 170 and the linear transmitting
part 112a of the data line 112. Hence, the pixel electrode170
may cover the linear transmitting part 112a of the data line
112 to increase the display aperture ratio of the pixel
structure 10a. When the pixel structure 10aq is applied to the
display apparatus, the power consumption of the display
apparatus may be reduced and the luminance may be
increased.

The following text will explain the design of the pixel
structures 105-104 in different implementation forms. It
shall be noted that the reference numerals and some content
of the previous embodiments are still used in the following
embodiments, and the same reference numerals are used to
indicate the same or similar components, with the explana-
tion of the same technical contents being omitted. For the
omitted portions, reference is made to the previous embodi-
ments, which will not be described again here.

Second Embodiment

FIG. 9A is a schematic top view of a pixel structure of the
second embodiment of the present invention, while FIG. 9B
is a cross-sectional view of the pixel structure in FIG. 9A
along section lines and IV-IV'. Referring to FIG. 9A and
FIG. 9B, the pixel structure 106 in this embodiment is
similar to the pixel structure 10a in the previous embodi-
ment, and the difference between the both lies in: in the pixel
structure 1056 of this embodiment, the second insulating
layer 240 is further formed between the first insulating layer
120 and the pixel electrode 170.

More specifically, in the pixel structure 105, the manu-
facturing methods of the scan line 111, the gate electrode
131, the linear transmitting part 112a of the data line 112, the
first insulating layer 120 and the oxide channel 133 may
refer to the explanations in FIGS. 2A-2B to FIGS. 4A-4B in
the first embodiment, and they will not be repeated herein.
Moreover, after manufacturing the aforementioned compo-
nents, as shown in FIG. 10A and FIG. 10B, the second
insulating layer 240 is formed on the first insulating layer
120 and the oxide channel 133, and multiple openings H1,
H2, H3, and H4 are formed in the first insulating layer 120
and the second insulating layer 240 via the photo-lithogra-
phy and etching processes. Specifically speaking, the first
opening H1 and the second opening H2 are formed on the
first insulating layer 120 and the second insulating layer 240
respectively to constitute the contact opening H exposing the
two opposite ends of the linear transmitting part 112a.
Besides, the opening H3 and the opening H4 both expose the
oxide channel 133 and are located on two sides of the gate
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electrode 131 respectively. In this case, the second insulating
layer 240, for example, includes the etching blocking pattern
241 corresponding to the upper part of the gate electrode 131
and covering the oxide channel 133 and the isolation pattern
242 covering the first insulating layer 120.

The difference between the pixel structure 106 in this
embodiment and the pixel structure 10ain the first embodi-
ment lies in: the photo mask used to pattern the second
insulating layer 240 has a different pattern layout. Hence, in
this embodiment, only parts, corresponding to the openings
H1, H2, H3, and H4, of the second insulating layer 240 are
removed so that the isolation pattern 242 covers a large part
of the first insulating layer 120. Comparing to that, the
isolation pattern 242 of the pixel structure 10a substantially
corresponds to the area where the linear transmitting part
1124 is located only. In addition, the shapes of the opening
H3 and the opening H4 are only exemplarily explained in
this embodiment, which are not particularly limited to the
rectangle, and may also be other polygons or curved shapes.
In other embodiments, all designs of opening, that expose
the positions in the oxide channel 133 predetermined to
contact the source electrode and the drain electrode, may be
applied in the present invention and are covered by the scope
of the present invention.

Next, as shown in FIG. 11A and FIG. 11B, the patterned
second conductive layer is manufactured on the second
insulating layer 240 to form the source electrode 135, the
drain electrode 137, the cross-line transmitting part 1126 and
the common electrode 150. In this case, the source electrode
135 and the drain electrode 137 are connected to the oxide
channel 133 via the opening H3 and the opening H4 of the
second insulating layer 240, while the cross-line transmit-
ting part 1125 is connected to the linear transmitting part
1124 via the contact opening H formed of the first opening
H1 of the first insulating layer and the second opening H2 of
the second insulating layer 240.

In the subsequent steps, the third insulating layer 160 may
be formed with reference to the manufacturing methods in
the previous embodiments, which covers the active device
130 and the common electrode 150, and the third opening p
is formed therein, as shown in FIG. 12A and FIG. 12B.
Then, the first pixel electrode 170 is foimed on the substrate
100, i.e., the first pixel electrode 170 is formed on the third
insulating layer 160, so that the first pixel electrode 170 is
connected to the drain electrode 137 via the third opening p,
as shown in FIG. 9A and FIG. 9B. In this embodiment, the
openings H1, H2, H3, and H4 may be formed on the first
insulating layer 120 and the second insulating layer 140 by
the same photo-lithography process by using the half-tone
mask, so as to reduce the number of the photo masks to
reduce the manufacturing cost and simplify the manufactur-
ing process steps.

Third Embodiment

FIG. 13A is a schematic top view of a pixel structure of
the third embodiment of the present invention, while FIG.
13B is a cross-sectional view of the pixel structure in FIG.
13 A along section lines V-V' and VI-VI'. Referring to FIG.
13A and FIG. 13B, the pixel structure 10c¢ of this embodi-
ment is similar to the pixel structure 10a of the first
embodiment, and the manufacturing method thereof may
refer to the explanations in FIGS. 1A-7A and FIGS. 1B-7B.
However, the difference between the pixel structure 10c of
this embodiment and the pixel structure 10a lies in: after the
patterned second conductive layer is formed on the second
insulating layer 140 to define the source electrode 135, the
drain electrode 137, the cross-line transmitting part 1126 and
the common electrode 150, referring to FIG. 14A and FIG.
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14B, the first pixel electrode 370 is manufactured on the
substrate 100, and the first pixel electrode 370 is connected
to the drain electrode 137. Herein, the first part 151 and the
second part 152 of the common electrode 150 together
surround the edges of the first pixel electrode 370.

Next, as shown in FIG. 15A and FIG. 15B, the third
insulating layer 160 covers the substrate 100, i.c., the third
insulating layer 160 covers the active device 130, the
common electrode 150, the cross-line transmitting part 1125
and the first pixel electrode 370, and the third opening q is
formed on the third insulating layer 160, the common
electrode 150 is partly exposed by the third opening q, and
preferably, the part of the common electrode 150 located on
the linear transmitting part 112a of the data line 112 is
exposed by the third opening q.

Finally, as shown in FIG. 13A and FIG. 13B, the second
pixel electrode 380 is formed on the third insulating layer
160, in other words, the first pixel electrode 370 and the
second pixel electrode 380 are located on two opposite sides
of the third insulating layer 160 respectively. The second
pixel electrode 380 may cover the common electrode 150
and be electrically connected to the common electrode 150
via the third opening q within the third insulating layer 160.

In addition, the first pixel electrode 370 and the second
pixel electrode 380, for example, are patterned, so that the
first pixel electrode 370 substantially has a finger-shaped
pattern (not shown) while the second pixel electrode 380, for
example, has multiple openings or slits located above the
first pixel electrode 370. Namely, the third insulating layer
160 is located between the first pixel electrode 370 and the
second pixel electrode 380, and the second pixel electrode
380 has a plurality of slits located above the first pixel
electrode 370. In this case, the area of the first pixel
electrode 370 on the substrate 100 is partly exposed by the
area of the second pixel electrode 380 on the substrate 100
to provide the fringe field effect. Therefore, the pixel struc-
ture 10c of this embodiment may be applied in, for example,
a pixel design of fringe field switching mode (FFS). How-
ever, the pattern design and the shapes of the first pixel
electrode 370 and the second pixel electrode 380 are not
particularly limited in the present invention, and the afore-
mentioned finger-shaped pattern and shape are only used for
exemplary explanation, not for limitation of the scope of the
present invention.

Fourth Embodiment

FIG. 16A is a schematic top view of a pixel structure of
the fourth embodiment of the present invention, while FIG.
16B is a cross-sectional view of the pixel structure in FIG.
16A along section lines VII-VII' and VIII-VIIT'. Referring to
FIG. 16A and FIG. 16B, the pixel structure 104 of this
embodiment is similar to the pixel structure 10c¢ of the third
embodiment, and the manufacturing method thereof may
refer to FIGS. 1A-7A to FIGS. 1B-7B and FIGS. 14A-15A
to FIGS. 14B-15B. However, the difference between the
pixel structure 104 of this embodiment and the pixel struc-
ture 10c¢ lies in: after the patterned second conductive layer
is formed on the second insulating layer 140 to define the
source electrode 135, the drain electrode 137, the cross-line
transmitting part 1126 and the common electrode 150,
referring to FIG. 16A and FIG. 16B, the first pixel electrode
370 and the auxiliary electrode 471 are formed on the
substrate 100 simultaneously so that the auxiliary electrode
470 is disposed between the third insulating layer 160 and
the common electrode 150, where the auxiliary electrode
471 and the first pixel electrode 370 are separated from each
other. That is to say, the auxiliary electrode 471 and the first
pixel electrode 370 are formed by the same film layer, but
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not connected to each other. Specifically speaking, the first
pixel electrode 370 is connected to the drain electrode 137,
while the auxiliary electrode 471 covers and contacts the
common electrode 150 so as to be electrically connected to
the common electrode 150. The designed pattern of the
auxiliary electrode 471 is not limited in the present inven-
tion. The manufacturing method of the third insulating layer
160 and the second pixel electrode 380 and the explanation
of the fringe electric field provided by the first pixel elec-
trode 370 and the second pixel electrode 380 may refer to the
third embodiment, which is not repeated herein.

Based on the above, in the pixel structure and the manu-
facturing method thereof according to the present invention,
the linear transmitting part of the data line, the scan line and
the gate electrode are formed by the same layer through
patterning the first conductive layer, and the cross-line
transmitting part of the data line crosses over the scan line
to be electrically connected to the linear transmitting part of
the data line. The first insulating layer is formed on the linear
transmitting part of the data line, the scan line and the gate
electrode, and the second insulating layer is disposed to form
the etching blocking pattern and the isolation pattern respec-
tively on the oxide channel and the linear transmitting part.
In addition, the common electrode is disposed on the second
insulating layer, and the pixel electrode covers the common
electrode. Hence, in the pixel structure and the manufactur-
ing method thereof according to the present invention, the
linear transmitting part of the data line and the common
electrode may be spaced by multiple layers of insulating
layers (which include the first insulating layer and the
second insulating layer). In this way, not only may the
etching blocking pattern be manufactured to protect the
oxide channel, but also the parasitic capacitance between the
data line and the common electrode may be reduced, so as
to reduce the consumed power of the pixel structure.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

What is claimed is:
1. A method of manufacturing a pixel structure, compris-
ing:

forming a patterned first conductive layer on a substrate to
form a scan line, a gate electrode and a linear trans-
mitting part, the gate electrode connected to the scan
line, and the linear transmitting part and the scan line
separated from each other, wherein an extending direc-
tion of the scan line is crossed to an extending direction
of the linear transmitting part;

forming a first insulating layer on the substrate to cover
the scan line, the gate electrode and the linear trans-
mitting part;

forming an oxide channel on the first insulating layer
above the gate electrode;

forming a second insulating layer on the first insulating
layer and the oxide channel, wherein the second insu-
lating layer comprises an etching blocking pattern
located on the oxide channel and the gate electrode, and
an isolation pattern located on the linear transmitting
part, wherein the etching blocking pattern is located
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within a boundary of the gate electrode and not in direct
contact with the first insulating layer, the isolation
pattern contacts the first insulating layer, and the etch-
ing blocking pattern and the isolation pattern of the
second insulating layer are not continuous and do not
directly contact each other;

forming a patterned second conductive layer on the sec-

ond insulating layer to form a source electrode, a drain
electrode, a cross-line transmitting part and a common
electrode, the source electrode and the drain electrode
located at two sides of the oxide channel, the cross-line
transmitting part crossing over the scan line, and the
common electrode disposed on the isolation pattern
above the linear transmitting part; and

forming a first pixel electrode on the substrate to be

connected to the drain electrode.

2. The method of manufacturing a pixel structure accord-
ing to claim 1, further comprising forming a first opening
and a second opening on the first insulating layer and the
second insulating layer respectively to constitute a contact
opening exposing the linear transmitting part, and the cross-
line transmitting part connected to the linear transmitting
part via the contact opening.

3. The method of manufacturing a pixel structure accord-
ing to claim 2, wherein the first opening and the second
opening are formed by using a same photo mask process.

4. The method of manufacturing a pixel structure accord-
ing to claim 2, further comprising forming two openings on
the second insulating layer to expose the oxide channel, in
which the source electrode and the drain electrode are
connected to the oxide channel via the two openings,
wherein the second opening and the two openings exposing
the oxide channel are manufactured by using a same photo
mask process.

5. The method of manufacturing a pixel structure accord-
ing to claim 2, further comprising forming a third insulating
layer to cover the source electrode, the drain electrode and
the common electrode.

6. The method of manufacturing a pixel structure accord-
ing to claim 5, wherein the first pixel electrode is formed
after the third insulating layer is formed and the step of
forming the third insulating layer further comprises forming
a third opening on the third insulating layer so that the first
pixel electrode is electrically connected to the drain elec-
trode via the third opening.

7. The method of manufacturing a pixel structure accord-
ing to claim 5, further comprising forming a patterned
second pixel electrode disposed on the third insulating layer
and covering the common electrode, wherein the third
insulating layer is located between the first pixel electrode
and the second pixel electrode, and the second pixel elec-
trode has a plurality of slits located on the first pixel
electrode.

8. The method of manufacturing a pixel structure accord-
ing to claim 7, further comprises forming a third opening on
the third insulating layer so that the second pixel electrode
is electrically connected to the common electrode via the
third opening.

9. The method of manufacturing a pixel structure accord-
ing to claim 1, wherein the step of forming the first pixel
electrode further comprises forming an auxiliary electrode
covering the common electrode.
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